Effects of a toxin isolated from Tityus bahiensis scorpion venom on the hippocampus of rats  by Ossanai, Luciene ToshieTakeishi et al.
Life Sciences 91 (2012) 230–236
Contents lists available at SciVerse ScienceDirect
Life Sciences
j ourna l homepage: www.e lsev ie r .com/ locate / l i fesc ieEffects of a toxin isolated from Tityus bahiensis scorpion venom on the
hippocampus of rats
Luciene ToshieTakeishi Ossanai a,c, Geane Antiques Lourenço a, Ana Leonor A. Nencioni a, Ivo Lebrun b,
Norma Yamanouye a, Valquiria Abrão Coronado Dorce a,⁎
a Laboratory of Pharmacology, Butantan Institute, Av. Dr. Vital Brazil, 1500, 05503‐900, São Paulo, SP, Brazil
b Laboratory of Biochemistry and Biophysics, Butantan Institute, Av. Dr. Vital Brazil, 1500, 05503‐900, São Paulo, SP, Brazil
c Disease Control Coordinating Agency of São Paulo State Public Health Ministry, 01246‐900, São Paulo State, Brazil⁎ Corresponding author. Tel.: +55 11 37267222x229
E-mail address: vdorce@butantan.gov.br (V.A.C. Dor
0024-3205 © 2012 Elsevier Inc.
doi:10.1016/j.lfs.2012.06.029
Open access under the Elsea b s t r a c ta r t i c l e i n f oArticle history:
Received 29 August 2011
Accepted 22 June 2012
Keywords:
Scorpion toxin
Tityus bahiensis
Neurotransmitters
Microdialysis
Cytosolic calcium
Aims: The objective of the present study was to determine the effects of a toxin from T. bahiensis scorpion
venom on the hippocampus of rats. This toxin, called Tb V-4, was chosen since it shows remarkable convul-
sive activity.
Main methods:Male Wistar rats weighing 250 g were used. The toxin (1.0 μg/μl) was injected into the hippo-
campus. The animals were then submitted to electroencephalographic and behavioral examinations or to mi-
crodialysis to determine the levels of neurotransmitters. The location of the implanted guide cannulae and
electrodes was checked histologically. The number of cells in the CA1, CA3 and CA4 areas of the hippocampus
was determined by light microscopy. Changes in the concentration of cytosolic free calcium were evaluated
by confocal microscopy.
Key ﬁndings: The toxin evoked behavioral alterations such as wet dog shakes, myoclonus, yawning and
orofacial automatisms. Electroencephalographic recordings exhibited alterations such as isolated or grouped
spikes and epileptic-like discharges. Injection of the toxin augmented glutamate concentration in the extra-
cellular ﬂuid in some animals. There was also a decrease in the number of pyramidal cells, mainly in the CA1
and CA4 areas for some rats. In some slices of the hippocampus, an increase in intracellular calcium mobili-
zation was seen.
Signiﬁcance: The present results suggest that the Tb V-4 toxin may be responsible for the epileptic and behav-
ioral effects observed with the crude venom. We suggest that the convulsive and degenerative effects in-
duced by the toxin could be due to the enhanced release of excitatory amino acids involved in the most
important pathways of the hippocampus.© 2012 Elsevier Inc. Open access under the Elsevier OA license.Introduction
Scorpion venoms are composed of basic proteins, peptides, and
minor compounds such as serotonin, histamine, salts and some en-
zymes (Cologna et al., 2009). They are rich sources of different classes
of peptides, such as neurotoxins, which represent useful tools for
biological research (Bertazzi et al., 2003). Neurotoxins disrupt the
normal function of excitable tissues, such as muscle and nerves,
through their interaction with Na+, K+, Ca2+ or Cl− channels (Tian
et al., 2008). One of their main effects is the release of neurotransmit-
ters from nerve endings (Couraud and Jover, 1984; Fukuhara et al.,
2004).
Sodium channels are the molecular target for several groups of
neurotoxins, which strongly alter channel function by binding to
speciﬁc receptor sites. Due to their high afﬁnity and speciﬁcity,9; fax: +55 11 3726 1505.
ce).
vier OA license.neurotoxins represent powerful tools to study the structure and func-
tion of these channels, affecting both permeation and gating proper-
ties of the channel (Cestèle and Catterall, 2000).
The injection of scorpion venom in experimental animals pro-
duces systemic effects with signs and symptoms similar to those
observed in human envenomation, such as fever, psychomotor
agitation, salivation, lachrymation, increased gastrointestinal tract
mobility, cardiac and respiratory arrhythmias, arterial hypertension
followed by hypotension, cardiac failure, pulmonary edema and
shock, among others (Freire-Maia and Campos, 1989). These manifes-
tations are explained by the ability of the toxins to act on sodium
channels in nerve terminals (Freire-Maia and Campos, 1989). Addi-
tionally, clinical ﬁndings can be part of a systemic inﬂammatory
response, which may lead to multiple organ dysfunction (Andrade
et al., 2004).
Crude venom of Tityus serrulatus scorpion, as well its toxins, has
already been extensively studied (Arantes et al., 1989; Carvalho
et al., 1998, 2000; Conceição et al., 2005; Dorce and Sandoval, 1994;
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1991; Revelo et al., 1996). On the other hand, few reports are avail-
able in the literature regarding the venom of the scorpion Tityus
bahiensis, and the majority concern immunological effects for serum
production (Nishikawa et al., 1994) or the puriﬁcation and sequenc-
ing of the toxins that compose it (Becerril et al., 1996, 1997;
Trequattrini et al., 1995).
Recently, two toxins present in this venom were found to have
anti-insect activity (Pimenta et al., 2001) and some semi-puriﬁed
toxins were shown to act directly on the CNS, resulting in behavioral
and histopathological effects (Lourenço et al., 2002).
Thus, the aim of this work was to determine the effects of a toxin
isolated from T. bahiensis scorpion venom on the CNS, by examining
the concentration of some neurotransmitters or their metabolites in
the hippocampus as well as alterations in electroencephalographic
recordings, neuronal integrity, and cytoplasmic calcium mobilization.Material and methods
Subjects
Male Wistar rats weighing 250 g were used. The animals were
housed in standard cages (40×50×20 cm) under controlled condi-
tions during the study: 12:12 h photoperiod, 22±2 °C, and water
and food provided ad libitum. All the experimental procedures were
in agreement with the Ethical Principles in Animal Research adopted
by the Brazilian College of Animal Experimentation and were con-
ducted with prior permission of the Ethical Committee for Animal
Research of Butantan Institute (protocol no. 462/08).
Dried crude venom from the scorpion T. bahiensis was obtained
from the Arthropod Laboratory and supplied by the Venom Commis-
sion of the Butantan Institute (São Paulo, Brazil).Isolation of the fractions and puriﬁcation of toxins
Brieﬂy, for the separation of the fractions, 50 mg of dried venom
were dissolved in 500 μl of 50 mM ammonium bicarbonate buffer.
The solution was homogenized, centrifuged (5000 g) and the super-
natant stored at 4 °C. The precipitate was resuspended in the same
buffer, homogenized and centrifuged again. The resulting supernatant
was added to the ﬁrst one, resulting in a total volume of 1.0 ml, and
the ﬁnal precipitate was discarded. The ﬁnal supernatant was applied
to a Sephadex G50 column (0.5 cm in diameter and 78 cm in height),
with a total volume of 245 ml and 49 ml of dead volume. Fractions
were collected after discarding the dead volume, using a Bio-Rad au-
tomatic fraction collector. Chromatography was performed with a
ﬂow rate of 9.0 ml/h, collecting fractions of 1.5 ml, and six fractions
were obtained, according to their optical density monitored spectro-
photometrically at 280 nm. The fractions were then lyophilized and
stored at −20 °C until use.
For the puriﬁcation of toxins, the fractions of interest were
resuspended in 1.5 ml of ultrapure water and applied to a high per-
formance liquid chromatography system (HPLC‐HP 1100 series)
equipped with a C18 analytical column (Beckman Ultrasphere 5 μm,
250 mm×4.6 mm) with detection with a spectrophotometer (HP)
at 214 nm, using a polar aqueous solution of 0.1% triﬂuoroacetic
acid in ultrapure water (solvent A) and a nonpolar phase of 90% ace-
tonitrile and 10% solvent A (solvent B). The material applied to the
HPLC was subjected to a 30-min run with a linear gradient of 10 to
70% solvent B. The amount of material in each peak was estimated
by the peak area. The different peaks of material were collected,
freeze-dried, and stored at −20 ° C until use.
In this work, the fourth peak from pool V was utilized, called Tb
V-4.Electroencephalographic recordings and behavioral observations
Rats were anesthetized with an i.p. injection of 3 ml/kg mixture of
1 g pentobarbitone and 4 g chloral hydrate in 100 ml of 0.9% NaCl,
and placed in a stereotaxic frame. For depth recordings, bipolar twisted
electrodes were positioned on the dorsal hippocampus and anchored to
the skull with dental acrylate. Coordinates towards the bregmawere AP
−4.8, L +3.2, V−3.0 (Paxinos and Watson, 1998). Surface recordings
were obtained with jeweler screws positioned bilaterally over the oc-
cipital cortex. An additional screw placed in the frontal sinus served as
the reference electrode. After surgery, animals were housed individual-
ly and were allowed to recover for a period of 1–2 days.
Electroencephalographic (EEG) recordings and behavioral obser-
vations were carried out in a glass compartment placed in a Faraday
cage. The bipolar twisted electrodes of each animal were connected
to a PowerLab® recording apparatus, and after 15 min of acclimation
to the test cage, the baseline electroencephalographic activity of the
cortex and hippocampus was recorded for 15 min. The electrodes
were then disconnected, and the animals were given an injection of
1.0 μl of Ringer solution (control group, n=6) or 1.0 μg/μl Tb V-4
(n=9) in the hippocampus. Subsequently, continuous EEG recording
was performed and animal behavior was observed for a period of 4 h.
Fisher's test was used to analyze the data for all the study param-
eters (pb0.05).
Determination of amino acid neurotransmitter concentrations by
microdialysis
The levels of neurotransmitters were determined in rats by sub-
mitting them to microdialysis. The animals were anesthetized, and
guide cannulae were chronically implanted into one side of the dorsal
hippocampus and ﬁxed to the skull with dental acrylate. Coordinates
towards the bregma were AP−5.3, L−4.0, V−2.0. The experiments
were performed on freely moving rats 24 h after the implantation of
the guide cannulae. Probes (CMA/11 microdialysis probes, Stockholm,
Sweden; membrane length, 2 mm) were introduced into the guide
cannulae. A syringe (2.5 ml) was connected to the inlet cannula of
the probe with a 40-cm length of polyethylene tubing. Ringer solution
was used as the perfusion ﬂuid at a ﬂow rate of 2.13 μl/min. After a
30- to 45-min equilibration period, the outﬂow was collected every
60 min. After three collections, which were used to determine the
baseline of extracellular neurotransmitter levels in the hippocampus,
the toxin was injected into the hippocampus (1.0 μg/μl; n=6 ani-
mals), and ﬁve more microdialysis samples were collected until the
end of the experiment. Extracellular amino acid levels were deter-
mined in the dialysate and expressed as μg/μl. For determination of
glutamate levels, only the dialysate of four animals was used.
The perfusateswere dried in a vacuum lyophilizer immediately after
their collection andmaintained at−80 °Cuntil the analysis. All samples
were assayed using an HPLC (Shimadzu, UFLC Prominence) with an an-
alytical ODS-Shim Pak column (100 mm×3 mm) with detection at
254 nm after derivatization with phenyl-isothiocyanate. Next, 50 μl of
ultrapure water and 150 μl of phenyl-isothiocyanate were added.
After mixing, half of the solution (200 μl) was injected into the HPLC
column. The gradient proﬁle was determined to identify each amino
acid sample by comparison with the retention time of an amino acid
standard solution containing 1 mM glutamate, 1 mM γ-aminobutyric
acid (GABA), and 1 mM glycine. Each sample was run for 20 min, and
aspartate, glutamate, glycine and GABA were identiﬁed in this order.
Statistical signiﬁcance was evaluated by one-way analysis of variance
(ANOVA) for repeated measures and Tukey's post-hoc test (pb0.05).
Histology
The location of the implanted guide cannulae and electrodes was
checked histologically. Animals in which the target area was missed
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sacriﬁced. They were completely anesthetized with CO2 and perfused
through the heart (left ventricle) with phosphate-buffered saline
(PBS) followed by 10% formalin solution. The brains were removed,
stored in formalin for at least 1 week, and then embedded in
Paraplast®. Coronal brain sections of 10 μm were cut from a 700 μm
brain block in the region of the hippocampus (bregma AP −3.6).
The slices were mounted on a glass slide and stained with cresyl vio-
let. Similar areas from ﬁve slices of each rat were analyzed. The num-
ber of cells in the CA1, CA3 and CA4 areas ipsilateral (i) and
contralateral (c) to injection was determined by light microscopy
using a 40× objective. A two-dimensional cell count was performed
using a 100×100 μm reticule. Pyramidal neurons, located inside the
reticule area, with a visible nucleus and nucleolus were considered
intact and those with pyknotic nucleus and shrunken cytoplasm
were considered dead. Only intact cells were counted. The data
were represented as the sum of the number of cells of each slide.
Of all the animals submitted to histological processing for cannula
localization, twelve were randomly selected for estimation of cell
numbers.
ANOVA followed by Tukey's test was used for statistical analysis
(pb0.05).
Analysis of calcium mobilization by confocal microscopy
Adult male Wistar rats (n=8) were anesthetized in a CO2 cham-
ber before rapid decapitation. Brains were rapidly removed and coro-
nal slices of the hippocampus (200 μm) were cut with a vibratome
(St. Louis, MO, USA) into a cold oxygenated artiﬁcial CSF solution
with the following composition (in mM): 4.7 KCl, 2.5 CaCl2, 1.2
NaHPO4, 1.2 KH2PO4, 1.2 MgSO4, 11.0 D-glucose, and 225.0 sucrose
(pH 7.4). Slices were placed in an interface-type chamber at room
temperature (22–24 °C) gassed with 95% O2–5% CO2 for at least 1 h
to allow them to recover prior to treatment. The slices were then in-
dividually glued with cyanoacrylate onto coverslips and loaded with
20 μM Fluo-3 AM (Molecular Probes, Inc., Eugene, OR, USA) in the
presence of 0.04% Pluronic F127 (20% in DMSO, Sigma-Aldrich, St.
Louis, MO, USA) for 30 min at room temperature. The slices were
washed 4 times with CSF solution and then placed in the confocal
chamber with 500 μl of the same solution.
The CA1 area was located with a LD 20× objective for the capture
of the ﬁrst image. Next, 10 μl of Tb V-4 solution (1 μg/μl) were added
to the chamber to obtain a concentration of 0.02 μg/μl. Each slice used
came from a single rat.
Fluorescent measurement of cytosolic Ca2+ was performed using
a laser confocal scanning microscope (LSM 410, Zeiss, Jena, Germany)Table 1
Individual effects of injection of Tityus bahiensis scorpion venom toxin Tb V-4 into the hippoc
area. The rats had cannulae and electrodes implanted in the CA1 area of the hippocampus.
Yawning Increased
secretions
Wet dog
shakes
Myoclonus
Ringer (n=6) – – – –
Tb V-4 Rat
1 – – x x
2 x – x x
3 x – x x
4 x – x x
5 x x x x
6 x x x x
7 x – – x
8 x – x –
9 – x x x
Total percent 77.8⁎ 33.3 88.9⁎ 88.9⁎
–Not observed.
x Observed.
⁎ Signiﬁcantly different from control group treated with Ringer solution; pb0.05, Fisher'swith excitation at the argon ion laser line of 488 nm and an emission
wavelength of 505 nm. Photo-multiplier gain and laser power were
kept constant throughout each experiment.
Thirty images were obtained at 5-s intervals. In each experiment
maximum ﬂuorescence (total intracellular Ca2+) was measured by
rupturing the cells with 0.1 mMdigitonin, andminimum ﬂuorescence
was measured by adding 2 mM MnCl2 followed by the addition of
4 mM ethylene-glycol-bis-(β-aminoethylether)-N,N,N′,N′-tetraacetic
acid (EGTA) to chelate cytosolic Ca2+ to validate the experiment.
Only data from validated slides were used. Data were expressed as
the percentage of baseline ﬂuorescence.
Results
Electroencephalographic recordings and behavioral observations
The toxin evoked behavioral alterations in the animals, including
WDS in 88.9%, myoclonus (88.9%), yawning (77.7%), and orofacial au-
tomatisms (77.8%). Increased secretion was also observed in 33.3% of
the animals (Table 1).
EEG recordings exhibited alterations such as isolated or grouped
spikes (88.9%) and epileptic-like discharges varying in intensity
from short (77.8%) to medium (44.4%) or strong (11.1%). Each animal
had at least one kind of epileptic behavior or discharge (Table 1),
which began immediately after the injection (latency for the ﬁrst ep-
isode, 91.2±44.9 s) and persisted during the entire recording.
As a control, Ringer solution was injected into the hippocampus,
and these animals showed no changes in behavior or electroenceph-
alographic recordings (Table 1).
Evaluation of amino acid neurotransmitters
Extracellular levels of glutamate, GABA and glycine were not af-
fected after injection of the toxin Tb V-4 into the hippocampus
(Fig. 1A). However, individual analysis of glutamate levels (Fig. 1B)
demonstrated an increase of 182% for one animal (rat 4) compared
to the baseline level immediately after the toxin injection, which per-
sisted up to the end of the experiment. The same animal displayed be-
havioral alterations including agitation, WDS, myoclonus, increased
lacrimal and nasal secretions and respiratory difﬁculty for 2 h after
toxin injection. Two other animals (rats 2 and 3) had increased gluta-
mate levels, 88.6% and 46.9%, respectively, over baseline levels. These
animals remained agitated and showed some WDS, yawning,
grooming and increased oral and nasal secretions. Rat 1 showed no
changes in glutamate levels or behavior.ampus on behavior and on electroencephalographic recordings determined in the same
The recordings were made up to 4 h after injection.
Orofacial
automatisms
Spikes Short
discharges
Medium
discharges
Strong
discharges
– – – – –
x x – x –
x x x – –
x x – – –
x – x – –
x x x – –
x x x x x
– x x x –
– x x – –
x x x x –
77.8⁎ 88.9⁎ 77.8⁎ 44.4 11.1
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Fig. 1. Amino acid neurotransmitter levels. A: Extracellular levels of glutamate, glycine and GABA in μg/μl as determined by microdialysis in the CA1 area of the hippocampus in
conscious rats before (up to 3 h) and after injection of 1.0 μg/μl toxin Tb V-4 in the same area. Error bars show S.E.M. p>0.05 by ANOVA and Tukey's test. Arrows indicate
venom injection. B: The set of points means the extracellular levels of glutamate, glycine, and GABA reached by each rat after injection of the toxin (from 3 to 8 h). Horizontal
bars indicate the mean baseline level of the neurotransmitter before injection.
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The intracerebral injection of Tb V-4 evoked a decrease in the
number of pyramidal cells, mainly in the CA1 and CA4 areas, but not
to a signiﬁcant extent (Fig. 2). Many dark staining neurons were ob-
served, consequently resulting in a decrease in intact cells counted.
Three animals had strong neuronal degeneration in CA1i, one an-
imal in CA1c and two animals in CA4c. The other animals had mild
neuronal degeneration in CA1i, CA1c, CA3i, CA4i and CA4c (Fig. 2).
Injection of Ringer solution into the hippocampus, as a control, did
not affect the number of cells in the hippocampus, and the numbers
of intact cells in the ipsilateral and contralateral areas were similar
(Fig. 2). No other regions in the brain of treated rats showed neuronal
loss.
Calcium mobilization
Eight slices of the hippocampus from different animals were used
in this experiment. Tb V‐4 (0.02 μg/μl) increased cytosolic calcium
only in three slices. The kinetics of cytosolic calcium accumulationwas different in slice 2, 4 and 5, peaking at 40 s (90.5%), 130 s
(127.7%) and 95 s (110.5%), respectively, relative to baseline. The
other slices displayed minimal variations, ranging from −6 to 3%
from baseline (Fig. 3).
Discussion
The most dangerous scorpion group belongs to the family
Buthidae, and in Brazil, it is represented by the genus Tityus, which
is widely distributed all over the country. T. serrulatus is the best stud-
ied, and most of the scorpion data in the literature are about its
venom and toxins. Almost nothing is known about the venom of
other Brazilian scorpions from the family Buthidae (Severino et al.,
2009). Concerning T. bahiensis scorpion venom, Lourenço et al.
(2002) reported that some of its fractions caused convulsion, even
more intense than that evoked by T. serrulatus venom when injected
directly into the hippocampus.
The present study demonstrated for the ﬁrst time the effects of a
toxin isolated from T. bahiensis scorpion venom, when directly
injected into the hippocampus. This toxin, called Tb V-4, was puriﬁed
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Fig. 2. Histological analyses. Histological analyses of brain sections of rats sacriﬁced 7 days after injection of 1.0 μg/μl toxin Tb V-4 within the hippocampus. Individual numbers of
intact cells of the pyramidal layer of the CA1, CA3 and CA4 areas of treated (ipsilateral) and contralateral sides are shown. The sum of the number of neurons from 5 slides of each rat
was pooled and expressed as mean (±S.E.M.) neurons per area.
234 L.T. Ossanai et al. / Life Sciences 91 (2012) 230–236from fraction V, which in a previous screening of the venom was
demonstrated to have the same convulsive effects described by
Lourenço et al. (2002). The toxin was chosen for further study since
it showed remarkable convulsive activity.
Classically, seizures are associated with neurotransmitter alter-
ations. Pathways containing glutamate or related excitatory amino
acids are deﬁnitely involved in the generation and propagation of ep-
ileptic seizures (Cunningham et al., 1994; Fisher, 1991; Umeda et al.,
2007). The relationship between excitation and inhibition of neural
activity is very important because seizures result from an imbalance0 15 30 45 60 75 90 105 120 135 150
0
50
100
150
sl 1
sl 2
sl 3
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sl 7
sl 8
time (in seconds)
%
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Fig. 3. Cytosolic free calcium. Percent variation of cytosolic free calcium after exposure
of hippocampal slices of rats to the toxin Tb V-4, determined by confocal laser scanning
microscopy of the CA1 area.in neural activity (Vornov, 1991). Any disturbance that favors excit-
ability may cause excessive and synchronized neuronal activity simi-
lar to epileptiform discharges (Gerﬁn-Moser et al., 1995). It is known
that toxins from scorpion venoms act by enhancing neurotransmitter
release in the central and peripheral nervous system (Coutinho-Netto
et al., 1980; Nencioni et al., 2003, 2009; Sampaio et al., 1997).
Some studies have demonstrated that a toxin isolated from
T. serrulatus scorpion venom releases glutamate from cortical synap-
tosomes (Fletcher et al., 1996; Massensini et al., 1998) and from the
hippocampus of rats after local injection. In this case, it induces
electroencephalographic and histopathological alterations (Carvalho
et al., 1998).
Similarly, after the injection of the toxin Tb V-4, some behavioral
signs related to epileptiform activity, such as WDS, myoclonus,
orofacial automatisms, and yawning, and electroencephalographic
outcomes such as spikes and epileptiform discharges with variable
intensity were observed. Thus, it may be suggested that this toxin
changes the levels of neurotransmitters in the central nervous system.
To conﬁrm our hypothesis that Tb V-4 evokes alterations in gluta-
mate release, rats were submitted to microdialysis to determine the
amino acid neurotransmitter levels. Indeed, our experiments demon-
strated a great increase in the extracellular levels of glutamate in
some animals—one rat had high levels during the whole time after
toxin injection and two of them had a variable increase between 50 to
100% over baseline (Fig. 1B). However, some animals showed no alter-
ation, and if the data are analyzed as a whole, only a small increase in
glutamate levels is observed without reaching statistical signiﬁcance
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tamate levels also had behavioral signs related to convulsions.
This phenomenon – the effect happens in a very strongmanner or it
does not happen – is a feature of scorpion venoms and correlates with
clinical cases of envenoming. It was observed that scorpion bites in
human patients, in addition to pain, usually cause only minor effects
such as small changes in heart rate and increased secretions, but some-
times a large number of serious effects develop, including convulsions
and death. A similar effect of the venom was also observed in other
experimental conditions. In a study demonstrating the central effects
of T. serrulatus and T. bahiensis scorpion venom, it was shown that
someof the animals injectedwith venomdirectly into the hippocampus
had a great increase in HVA concentration, whereas others showed no
alteration (Nencioni et al., 2009). In pregnant rats, changes in reproduc-
tive performance and an incomplete ossiﬁcation of skull bones were
observed only in some offspring of dams treated with T. serrulatus scor-
pion venom (Barão et al., 2008; Cruttenden et al., 2008).
The same situation was observed in the histological analysis. Tb
V-4 caused an intense lesion with many pyknotic neurons in several
animals, whereas others had only a mild or no lesion. Neuronal loss
is generally associated with an increase in glutamate levels and
cytosolic calcium concentration. Rapid accumulation of extracellular
glutamate following injury results in the excessive activation of gluta-
mate receptors, massive inﬂux of Ca2+ into cells, excitotoxic neuronal
cell dysfunction, and cell death (Choi, 1988; Gardoni and Di Luca,
2006). Scorpion toxins act on sodium channels, increasing the time
of depolarization. Consequently, there is an increase in neurotrans-
mitter release, mainly glutamate, which binds to its receptors, there-
by opening ion channels. A high quantity of glutamate leads to the
stimulation of many receptors, allowing enhanced calcium entrance
into the cell. The calcium mobilization caused by Tb V-4 was corrob-
orated by our experiments with confocal microscopy.
Despite that the toxin caused a marked increase in calcium mobi-
lization, again, it was only seen in some slices. It should be noted that
this characteristic of the toxin, i.e., an all or none effect, has been gen-
erally observed only with the whole venom and never before with
isolated toxins.
Pharmacological studies involving scorpion neurotoxins provide
important information about the toxic aspects of envenoming. More-
over, animal neurotoxins may be useful for identifying the sequence
of events underlying neurotransmission and, thereby, represent a
potential tool for the study of ion channels and epilepsy models.
Conclusions
The present results suggest that Tb V-4 toxin may be responsible,
at least in part, for the epileptic and behavioral effects observed with
the crude venom in experimental animals.
We suggest that the convulsive and degenerative effects induced
by the toxin could be due to the enhanced release of excitatory
amino acids that are involved in the most important pathways of
the hippocampus.
Although no signiﬁcant differences were observed for the group,
some animals had high levels of glutamate and neuronal loss after
toxin injection.
This is the ﬁrst work demonstrating that a toxin isolated from
T. bahiensis scorpion venomhas an effect on the central nervous system.
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